C
HRONIC OBSTRUCTIVE PULMOnary disease (COPD) affects at least 12 million US residents and is the fourth leading cause of death in the United States. 1 Acute exacerbations of COPD are responsible for more than 600 000 hospitalizations annually, resulting in direct costs of more than $20 billion. 2 Respiratory infections appear to be the most frequent cause of COPD exacerbation, accounting for 50% to 80% of all exacerbations. [3] [4] [5] Although as many as two-thirds of these may be viral infections, COPD treatment guidelines nevertheless recommend antibiotic treatment for patients with purulent sputum and either an increase in sputum production or an increase in dyspnea. 2, [6] [7] [8] [9] The evidence supporting these recommendations comes from 11 small randomized trials demonstrating that antibiotics can reduce short-term mortality and treatment failure. 10 Patients with more severe disease, especially those receiving mechanical ventilation, appear to benefit the most. 11 For a condition as common as acute exacerbations of COPD, evidence from randomized trials is surprisingly limited. Only 917 patients have been en-rolled in randomized trials, and all but 1 of these studies were conducted before 1992. 10 Little information is available to inform hospital prescribing or to select those patients most likely to benefit from therapy. To examine the association between use of antibiotics and outcomes among patients hospitalized for COPD, we conducted a retrospective cohort study in a national sample of hospitals and compared the risk of treatment failure, length of stay, and costs among patients who did or did not receive initial treatment with antibiotics.
METHODS

Setting and Patients
We conducted a retrospective cohort study of all patients hospitalized from January 1, 2006, through December 31, 2007, for acute exacerbations of COPD at 413 acute care facilities in the United States that participated in Premier's Perspective, a database developed for measuring quality and health care utilization. Participating hospitals represent all regions of the United States and are primarily smallto medium-sized nonteaching hospitals located mostly in urban areas. In addition to the information contained in the standard hospital discharge file such as International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes, hospital and physician information, Perspective includes a date-stamped log of all billed items, including diagnostic tests, medications, and other treatments, for individual patients. Approximately 75% of participating hospitals submit cost data; the rest submit calculated costs based on each hospital's specific cost to charge ratio.
Patients were included if they had a principal diagnosis indicating an acute exacerbation of COPD (ICD-9-CM codes 491. 21, 491.22, 493.22) or emphysema (ICD-9-CM code 492.8) or a principal diagnosis of respiratory failure (ICD-9-CM codes 518.81, 518.84) paired with secondary diagnosis of COPD with acute exacerbations or emphysema. Other COPD codes not indicating an acute exacerbation were not included. To limit the misclassification of COPD and asthma patients, we restricted our study to patients aged 40 years or older. 12 Because mechanical ventilation initiated after hospital day 2 was an outcome of interest, we excluded patients admitted directly to the intensive care unit (ICU). We also excluded those with other bacterial infections, such as pneumonia or cellulitis, who might have another indication for antibiotics; those with a length of stay of fewer than 2 days, because we could not ascertain whether they received a full course of antibiotics; patients with a secondary diagnosis of pulmonary embolism or pneumothorax; patients discharged within the past 30 days, and those whose attending physicians were not internists, family practitioners, hospitalists, pulmonologists, or intensivists.
The study received an institutional review board exemption because data we received from Premier does not contain any identifiable patient information and is not considered human subjects research under federal guidelines.
Data Elements
For each patient, we extracted age, sex, race, marital and insurance status, principal diagnosis, comorbidities, and specialty of the attending physician. Patients self-report race at the time they are admitted to the hospital. Comorbidities were identified from ICD-9-CM secondary diagnosis codes and Diagnosis Related Groups using Healthcare Cost and Utilization Project Comorbidity Software, version 3.1, based on the work of Elixhauser et al. 13 In addition, to better assess disease severity, we recorded the presence of chronic pulmonary heart disease and the number of admissions for COPD during the 12 months before the index admission.
For each patient, we identified pharmacy or diagnostic charges for interventions that were guideline recommended (␤-adrenergic and anticholinergic bronchodilators, steroids, and noninvasive positive pressure ventilation), those that are not recommended or are of uncertain benefit(methylxanthinebronchodilators, spirometry/pulmonary function testing, mucolytic medications, chest physiotherapy, sputum testing), and drugs or tests associated with severe exacerbations or end-stage COPD (loop diuretics, morphine, and arterial blood gas testing). Hospitals were categorized by region (Northeast, South, Midwest, or West), bed size, setting (urban vs rural), and teaching status.
Antibiotic Treatment and Outcome Variables
Antibiotic treatment, our main predictor variable, was defined as a minimum of 2 consecutive days of an antibiotic for acute exacerbations of COPD initiated on hospital day 1 or 2, including time spent in the emergency department. Antibiotics included first-, second-, and third-generation cephalosporins, quinolones, macrolides, tetracyclines, trimethoprim-sulfamethoxazole, and amoxicillin with or without clavulanic acid. Patients receiving other classes of antibiotics or who received only a single day of treatment on hospital day 1 or 2 were excluded from the analysis. For the purposes of the analysis, all antibiotics were considered equivalent, regardless of class, dose, duration, or route of administration. Patients whose antibiotic treatment started later than hospital day 2 were grouped with those who were not treated.
Adapting a framework used in earlier clinical trials, 14 our primary outcome was a composite measure of treatment failure, defined as the initiation of mechanical ventilation after hospital day 2, in-hospital mortality, or readmission for COPD within 30 days of discharge. Secondary outcomes included hospital costs and length of stay, as well as allergic reactions, defined by ICD-9 codes, diarrhea and antibioticassociated diarrhea, defined as treatment with either metronidazole or oral vancomycin initiated after hospital day 3 or readmission within 30 days for diarrhea and Clostridium difficile. To examine whether the association between antibiotic treatment and outcomes ANTIBIOTICS AND TREATMENT FAILURE FOR COPD varied by sputum production, dyspnea, or illness severity, we analyzed our results stratified by whether the patient underwent sputum culture or had an arterial blood gas measurement in the first 2 days, as well as the predicted risk of treatment failure in tertiles.
Statistical Analysis
Summary statistics were computed using frequencies and percentages for categorical variables and means, standard deviations, medians, and interquartile range for continuous variables. Associations between early antibiotic treatment and patient and hospital characteristics were assessed using 2 tests for categorical variables and z tests or Kruskal-Wallis tests for continuous variables.
We developed a series of multivariable models to evaluate the association between early antibiotic therapy and treatment failure, length of stay, and total cost. Length of stay and cost were trimmed at 3 standard deviations above the mean, and the natural logtransformed values were modeled due to extreme positive skew. To reduce the threat of selection bias, a propensity score or predicted probability of early antibiotic treatment was developed using all patient characteristics, other early treatments and tests, comorbidities, hospital and physician characteristics, and selected interaction terms.
In addition, a model to predict the risk of treatment failure risk was developed using the same strategy, while excluding information about antibiotic treatment. Logit link generalized estimating equations models were used for treatment failure and normal link models for length of stay and cost, adjusting for within-hospital correlation. The results of unadjusted, covariate-adjusted, propensity score, and covariate-adjusted models were compared. In addition, nontreated patients were matched to treated patients of similar propensity using a greedy 5 to 1 digit matching algorithm. 15 Conditional logistic models were developed using this propensitymatched subsample of patients, ad- (12) 7153 (11) 2761 (16) 2408 (14) 2626 (15) Hispanic 2746 (3) 2201 (3) 545 (3) 598 (4) 535 (3) Other 11 729 (14) 8900 (13) 2829 (16) 2316 (14) 2781 ( 7904 (9) 6236 (9) 1668 (10) 1770 (10) 1634 (10) Medicaid 7680 (9) 6087 (9) 1593 (9) 1533 (9) 1537 (9) Private 13 441 (16) 10 820 (16) 2621 (15) 2510 (15) 2575 (15) Self-pay/uninsured/other 3751 (4) 2946 (4) 805 (5) 661 (4) 782 (5 (10) 6302 (9) 1814 (10) 1841 (11) 1709 (10 9842 (12) 7477 (11) 2365 (14) 2340 (14) 2296 ( (12) 7767 (12) 2468 (14) 2458 (14) 2375 ( 
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©2010 American Medical Association. All rights reserved. To reduce the threat of residual selection bias due to unmeasured confounders not directly addressed through propensity adjustment, 16 we used a variation of the instrumental variable approach, in which the actual treatment for each patient is replaced by the hospital treatment rate.
17 Grouping treatment at the hospital level bypasses the issue of confounding by indication, yet in contrast to a traditional ecological analysis accounts for patient-level covariates and outcomes. Finally, in sensitivity analyses, we ran hierarchical models as an alternative method to account for potential effects of hospital clustering.
For each model, adjusted odds ratios (ORs) for treatment failure, or ratio of length of stay and cost with associated 95% confidence intervals (CIs) for antibiotic treatment were calculated. All significance tests were 2-sided, with a .05 significance level. The study was powered to detect a difference in rare outcomes. For example, with more than 84 000 cases and approximately 80% in 1 group, we had more than 85% power to detect a mortality difference from 1.0% to 1.3%. All analyses were performed using SAS version 9.1 (SAS Institute Inc, Cary, North Carolina).
RESULTS
Of the 213 917 admissions for acute exacerbations of COPD during the study period, 84 621 were included in our sample (eFigure available at http://www .jama.com). The median age was 69 years; 61% were women and 71% were white (TABLE 1). Ninety percent of patients had a principal diagnosis of obstructive chronic bronchitis with acute exacerbation and 10% had respiratory failure. The most common comorbid conditions were hypertension, diabetes mellitus, and congestive heart failure. Twenty-eight percent had been admitted at least once in the preceding 12 months. In-hospital mortality was 1.2% while 10% of patients experienced the composite measure of treatment failure. Mean length of stay was 4.8 days.
Seventy-nine percent of patients received at least 2 consecutive days of an- 
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tibiotic treatment beginning on day 1 or 2 of hospitalization, most commonly with a quinolone (60%), a cephalosporin (37%), or a macrolide (38%). An additional 6% of patients received antibiotic therapy at some point during hospitalization and were included with the nontreated patients. Compared with patients who did not receive initial treatment with an antibiotic, treated patients were younger, more likely to have private insurance, and to be white. They were more likely to be from hospitals that were smaller, southern, rural, and nonteaching (TABLE 2). Treated patients also had less comorbidity and had fewer admissions in the preceding 12 months. They were more likely to receive guideline concordant interventions, including steroids and bronchodilators, to have an arterial blood gas, and to receive guideline discordant interventions, including methyxanthine and mucolytic agents and chest physiotherapy. They were less likely to receive loop diuretics, morphine, and noninvasive positive pressure ventilation.
Compared with patients not receiving antibiotics in the first 2 days, antibiotic-treated patients were less likely to be receive mechanical ventilation after the second hospital day (1.07% vs 1.80%), had lower inpatient mortality (1.04% vs 1.59%), a lower incidence of treatment failure (9.77% vs 11.75%), and lower rates of readmission for acute exacerbations of COPD (7.91% vs 8.79%; TABLE 3). Antibiotic-treated patients had somewhat fewer allergic reactions (0.13% vs 0.20%) but a higher incidence of readmissions for C difficile diarrhea (0.19% vs 0.09%). Patients treated with and without antibiotics had similar lengths of stay, but patients treated with antibiotics had lower costs (Table 3) .
Propensity-matching balanced many of the differences in comorbidities among the 2 groups of patients (Table 1) , but compared with those who did not receive antibiotics in the first 2 hospital days, those treated with antibiotics were still more likely to be white; from rural hospitals; more likely to be insured by Medicare; had more congestive heart failure, diabetes, and renal failure; and received more methyxanthines, short-and long-acting bronchodilators, steroids, morphine, and loop diuretics. They were also more likely to have an arterial blood gas analysis, brain natriuretic protein tests, and spirometry. Most of these differences were clinically nonsignificant in magnitude, but the study's large sample size rendered the differences statistically significant.
Antibiotic Use and Treatment Failure-Results of Multivariable Analyses
In the base analysis accounting only for within-hospital clustering, patients treated with antibiotics had an OR for treatment failure of 0.82 (95% CI, 0.78-0.87) compared with untreated patients (FIGURE 1) . Adjustment for propensity for antibiotic treatment and other covariates attenuated the apparent effect of antibiotics by a small amount (OR, 0.87; 95% CI, 0.82-0.92). Results were similar using a hierarchical model (eTable available at http://www.jama.com). In the propensity-matched sample, the OR was similar: 0.88 (95% CI, 0.82-0.95). Hospital prescribing rates varied from 0% to 100%, although most hospitals had rates between 65% and 95% (FIGURE 2). When individual patients were assigned a probability of initial treatment with antibiotics equal to the hospital rate where they received care, each 10% increase in the hospital rate of treatment (eg, from 70% to 80%) was associated with a 5% reduction in the odds of treatment failure (OR, 0.95; 95% CI, 0.92-0.97). Removing patients with a diagnosis code of asthma plus COPD with acute exacerbation (ICD-9 code 493.22) strengthened the covariate-adjusted association be- 
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©2010 American Medical Association. All rights reserved. We also explored whether the association between antibiotic administration and outcome varied according to disease severity (indicated by risk of treatment failure), increased or purulent sputum (indicated by sputum culture on hospital day 1 or 2), or severe dyspnea (indicated by an arterial blood gas measurement on hospital day 1 or 2). The OR for treatment failure comparing patients who did and did not receive initial antibiotics, stratified by tertile of treatment failure from lowest to highest risk, was 0.96 for patients at lowest risk, 0.89 for those at intermediate risk, and 0.83 for those at highest risk (P = .08 for trend). There were no statistical differences in the effect of antibiotic treatment on patients who received early sputum culture compared with those who did not (OR, 0.77 vs OR, 0.88; P = .41) or those who had an early arterial blood gas measurement compared with those who did not (OR, 0.92 vs OR, 0.84; P=.09).
Costs and Length of Stay
In multivariable analysis, the association between antibiotic use and costs and length of stay were less consistent than they were for treatment failure. In unadjusted analyses, the median antibiotic use was $4925 (interquartile range, $3496-$7261) for those treated with antibiotics vs $5084 (interquartile range, $3547-$7652) for those who were not treated with antibiotics (Table 3) . However, in models accounting for within-hospital correlation and in covariate and propensity-adjusted models, the antibiotic group had higher costs than the nonantibiotic group (FIGURE 3) . This difference was also seen in the propensity-adjusted model but was not significant in the propensity-matched model. A similar pattern was seen for length of stay.
COMMENT
In this observational study of 84 621 patients admitted to 413 hospitals for acute exacerbation of COPD, the administration of antibiotics was associated with a 13% decrease in the risk of treatment failure. There was also a decrease in inpatient mortality and late mechanical ventilation. Antibiotic use was not associated with an increase in allergic reactions or treatment for antibiotic-associated diarrhea, but it was associated with readmission for diarrhea and C difficile. Moreover, our results do not support restriction of antibiotics to hospitalized patients with purulent sputum and increased sputum production or dyspnea.
Knowledge about the effectiveness of antibiotics in the management of acute exacerbations of COPD remains limited by the lack of strong evidence. Recommendations contained in current guidelines were initially derived from a 1995 meta-analysis containing only 265 inpatients. 18 A more recent meta-analysis identified 9 studies involving inpatients, including 4 that measured short-term mortality and 4 that measured treatment failure. 10 The mortality analysis was heavily influenced by a single Tunisian study of 93 ICU patients showing a 78% reduction in mortality among patients treated with antibiotics. 19 The other 3 studies demonstrated a similar effect, but it was not statistically significant. In the studies that measured treat- Subgroup analyses are presented according to whether patients had a sputum test or arterial blood gas measurement on hospital day 1 or 2 and also by risk tertile for treatment failure. a Covariates include age group, sex, insurance, respiratory failure as a principle diagnosis, attending physician specialty, admission source, prior year admissions for acute exacerbation chronic obstructive pulmonary disease, region, chronic pulmonary heart disease, hypertension, heart failure, pulmonary circulation disease, metastatic cancer, arthritis, obesity, weight loss, deficiency anemia, hypothyroid, depression, psychoses, alcohol abuse, and day 1 or 2 initiation of long-acting ␤ 2 agonists, bilevel positive airway pressure or continuous positive airway pressure, methylxanthine bronchodilators, oral or intravenous steroids, morphine, loop diuretics, arterial blood gas measurements, brain natriuretic peptide, pulmonary function tests, and selected interaction terms. b Covariates include race, insurance status, respiratory failure as principal diagnosis, attending physician specialty, region, population served, chronic pulmonary heart disease, heart failure, diabetes, hypothyroid, renal failure, drug abuse, and day 1 or 2 initiation of anticholinergic or short-acting ␤ 2 agonists, long-acting ␤ 2 agonists, methylxanthine bronchodilators, bilevel positive airway pressure or continuous positive airway pressure, oral or intravenous steroids, morphine, loop diuretics, mucolytic medications, arterial blood gases, brain natriuretic peptide, and pulmonary function tests. ANTIBIOTICS AND TREATMENT FAILURE FOR COPD ment failure, antibiotics reduced treatment failure by half, but treatment failure, defined as no improvement or death following treatment, reached almost 60% in the placebo group, compared with only 12% in our study. In contrast, a recent small randomized trial of patients hospitalized for acute exacerbations of COPD found that compared with placebo, doxycycline did not improve clinical outcomes at 30 days. 20 Our study has several limitations. First, its observational design makes it vulnerable to selection bias. We attempted to overcome this with rigorous multivariable adjustment, including the propensity for treatment and by using an adaptation of the instrumental variable approach, but we cannot exclude the possibility of residual confounding. However, it seems likely that patients with more severe disease would be more likely to receive antibiotics, and thus bias the results away from any observed benefit from antibiotic treatment. In fact, patients treated with antibiotics were more likely to receive corticosteroids or have an arterial blood gas analysis, both signs of more severe illness.
Second, our study used administrative data, and therefore we could not directly adjust for physiological differences between treated and untreated patients. However, we did adjust for prior admissions for COPD as well as for additional treatments the patients received, assuming that many of these treatments, including the need for arterial blood gas testing and steroids, reflected the clinicians' assessment of disease severity.
Finally, no validated method exists for identifying patients with acute exacerbations of COPD through administrative data review. It is possible that some of the patients in our study did not have acute exacerbations of COPD. To maximize the specificity, we chose to include only ICD-9 codes that represent acute exacerbations of COPD, and the high rate of intravenous steroid use suggests that patients were, in fact, experiencing acute exacerbations of COPD. Excluding patients with combined asthma and COPD diagnoses, further strengthened the observed associations.
Our study also has a number of strengths. It was conducted in a nationally representative sample of hospitals and included a large number of patients cared for under real-world conditions, and our detailed data set enabled us to adjust for numerous patient characteristics and treatments that could confound the relationship between antibiotic treatment and outcome. Finally, almost 90% of our patients received treatment with corticosteroids. This is important because the only randomized antibiotic trials in which all patients received corticosteroids did not find any benefit from antibiotics. 20, 21 Chronic obstructive pulmonary disease is an important cause of recurrent hospitalization, morbidity, and mortality, and the number of patients with COPD is expected to i n c r e a s e i n t h e c o m i n g y e a r s . Although published guidelines recommend antibiotics for acute exacerbations of COPD, practice patterns demonstrate that physicians are slow to adopt these guidelines. 22 In our sample, less than 80% of patients received antibiotics in the first 2 days of hospitalization, leaving considerable room for improvement.
One reason that not all patients receive antibiotics may be that the guidelines recommend antibiotics only for patients with purulent or increased sputum production, based on the work of Anthonisen et al. 11 In the past 2 decades, there has been little progress toward identifying which patients benefit from antibiotics. We could not identify a group that did not benefit from antibiotics, although our ability to detect clinical findings was limited. Our treatmentfailure model suggested that patients with less severe disease might derive less benefit, but we lacked power to prove it. In our sample, patients receiving antibiotics appeared to have the more severe exacerbations, judging by the other therapies they received. Nevertheless, patients who received antibiotics had lower mortality than those who did not. If physicians' decisions to use antibiotics were based on their clinical impressions of patient illness, then these impressions appear not to have been sufficiently discriminative.
At the same time, we found little evidence of harm associated with antibiotic prescribing-we noted no increase in allergic reactions and only a slight increase in readmissions with C difficile diarrhea. Patients receiving antibiotics may have a slightly longer length of stay or may have experienced other unmeasured The base model and all others account for clustering within hospital. See corresponding footnotes a and b in Figure 1 for definitions of covariates.
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These 2 findings, that all patient groups seemed to benefit from therapy and that harms were minimal, support the notion that all patients hospitalized with acute exacerbations of COPD should be prescribed antibiotics. This recommendation, however, is not consistent with the fact that roughly 50% of COPD patients do not have a bacterial etiology for their exacerbation. Identifying these patients remains a challenge, because sputum cultures do not distinguish between active infection and colonization. New bacterial infections may cause exacerbations 2 3 and are associated with increases in inflammatory markers, such as procalcitonin, whereas colonization is not. 24 Recently, Stolz et al 25 demonstrated that withholding antibiotics from COPD patients with normal procalcitonin resulted in comparable health outcomes with 32% less antibiotic use. Such studies are promising, but until more data are available, routine use of antibiotics for acute exacerbations of COPD may be appropriate.
